Objective: To develop age-and sex-specific waist circumference reference data for Canadian youth. Design: Cross-sectional population survey. Setting: 1981 Canada Fitness Survey. Subjects: Nationally representative sample of 3064 youth (1540 boys and 1524 girls) 11-18 y of age. Interventions: Waist circumference was measured with a flexible anthropometric tape. Main outcome measures: Smoothed and weighted 5th, 10th, 25th, 50th, 75th, 90th, and 95th waist circumference percentiles derived from LMS regression. Results: Waist circumference increases with age in both boys and girls, and boys have higher values of waist circumference than girls at every age and percentile level. Conclusions: These reference data can be used to identify youth with an elevated risk of developing obesity-related disorders and can serve as a baseline for future studies of temporal trends in waist circumference.
Introduction
An alarming trend for an increasing prevalence of obesity among Canadian children and youth over the last two decades has been reported (Tremblay & Willms, 2000; Tremblay et al, 2002) . This trend has important public health consequences, as childhood obesity is associated with elevated risk factors for coronary heart disease during childhood (Freedman et al, 1999a; Katzmarzyk et al, 2003) , adulthood obesity (Whitaker et al, 1997) , and an increased risk of adulthood morbidity and mortality (Must et al, 1992) .
The body mass index (BMI) is currently recommended for identifying overweight and obese children and youth (Bellizzi & Dietz, 1999; Cole et al, 2000) as well as adults (NIH, 1998; World Health Organization, 1998) . However, waist circumference is also recommended as an index of obesity-related health risk in adults as it is the single best anthropometric indicator of visceral adipose tissue (Pouliot et al, 1994; Rankinen et al, 1999) , and it is a predictor of incident chronic disease and premature mortality (Folsom et al, 1993 (Folsom et al, , 2000 Chan et al, 1994; Rexrode et al, 2001) . There is also increasing interest in the use of waist circumference as an index of obesity and obesity-related health risk among children and adolescents as several studies have shown strong associations between waist circumference and risk factors for coronary heart disease (Flodmark et al, 1994; Freedman et al, 1999b; Savva et al, 2000; Maffeis et al, 2001) .
Waist circumference percentiles have been developed for children and youth in Cuba (Martinez et al, 1994) , Italy (Zannolli & Morgese, 1996) , Spain (Moreno et al, 1999) , and the United Kingdom (McCarthy et al, 2001) ; however, there are no existing waist circumference reference data for Canadian youth. Thus, the purpose of this study was to develop age-and sex-specific waist circumference reference data for Canadian youth 11-18 y of age. To this end, data from the 1981 Canada Fitness Survey (CFS) were analyzed using LMS regression to obtain smoothed percentile curves for waist circumference.
Materials and methods

Sample
The 1981 CFS was composed of 13 400 households chosen by Statistics Canada to be representative of the Canadian population (Fitness Canada, 1983) . Of the selected sample, 88% (11 884 households) participated in the survey in one form or another. The entire CFS database contains information on 23 400 participants between the ages of 7 and 69 y. Exact ages could not be determined for children under 10 y of age; thus, the sample considered here includes 3064 youth (1540 boys and 1524 girls), 10.50-18.49 y of age for whom age and waist circumference measurements were available. The 1981 CFS was chosen as the source of data for the present study as it predates the recent increases in obesity observed in Canadian children (Tremblay & Willms, 2000) and it provides a baseline for future studies of temporal trends in waist circumference. The participants in the 1981 CFS were predominantly European in ancestry; however, specific information on ethnicity was not available.
Measures
Chronological ages were determined to the nearest month from birth and observation dates obtained from answers to a questionnaire. Waist circumference was measured by a trained technician to the nearest millimeter at the point of noticeable waist narrowing using a flexible anthropometric tape (Fitness Canada, 1981) . Data quality was assured by an extensive training and quality control program (Shephard, 1984) . However, inter-and intra-rater reliability data have not been published for the CFS.
Statistical analysis
The data were first examined for outliers, and those with waist circumference values exceeding 75 age-standardized standard deviation scores were eliminated. This procedure eliminated only two participants (one male and one female) from further analysis. For comparability with other studies, the 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles were chosen as reference values. Smoothed percentile curves were estimated using Cole's LMS method (Cole & Green, 1992) . The LMS method involves summarizing percentiles at each age based on the power of age-specific Box-Cox power transformations that are used to normalize the data. The final percentile curves are the result of smoothing three agespecific curves called L (lambda; skewness), M (Mu; median) and S (sigma; coefficient of variation). The points on each percentile curve were defined by the following formula:
where L, M, and S are the values of the smoothed curves at each age, and z indicates z-score for the required percentile (Cole et al, 1990) . The main assumption of the LMS method is that the data at each age are normally distributed after the Box-Cox transformation. Data management and descriptive statistics were computed using SAS version 8.2 (SAS Institute, NC, USA), whereas the LMS regressions were performed using LMS Pro software (The Institute of Child Health, London). All analyses were weighted to be representative of the Canadian population. Table 2 presents the weighted smoothed sex-and age-specific waist circumference cutoffs at the 5th, 10th, 25th, 50th, 75th, 90th, and 95th percentiles, whereas Figure 2 presents the smoothed percentile curves graphically in (a) boys and (b) girls. The waist circumference values increase with age in both boys and girls, and boys have higher values than girls at every age and percentile point.
Results
Discussion
This study has presented smoothed reference data for waist circumference for Canadian youth 11-18 y of age for the first time. These data add to the existing set of reference data that have been developed for children and youth in Cuba (Martinez et al, 1994) , Italy (Zannolli & Morgese, 1996) , Spain (Moreno et al, 1999) , and the United Kingdom (McCarthy et al, 2001) . Although no claim can be made for an 'optimal' waist circumference threshold that will identify youth who are at an elevated risk of obesity-related metabolic disorders, these data can be used to place other study samples within the national context and serve as a baseline for future studies. Further, these reference data can be used provisionally to identify abdominally obese children and youth. For example, the 90th or 95th percentile can be used to denote those children with a high waist circumference, relative to age-and sex-matched peers. Several studies have documented a positive association between waist circumference risk factors for chronic disease in children and youth (Flodmark et al, 1994; Freedman et al, 1999b; Savva et al, 2000; Maffeis et al, 2001) . Both data from Sweden (Flodmark et al, 1994) and from the Bogalusa Heart Study (Freedman et al, 1999b ) demonstrated significant correlations between waist circumference and cardiovascular disease risk factor levels in children and adolescents. Further, waist circumference was a better predictor of cardiovascular disease risk factors than BMI in children from Cyprus, and those with a waist circumference above the 75th percentile had significantly higher odds of having high blood pressure, total cholesterol, LDL-cholesterol, and triglycerides (Savva . Thus, there is consistent evidence that waist circumference is related to cardiovascular disease risk factors in children and youth. There have been only limited attempts to develop 'healthrelated' cutoffs for waist circumference in children and youth. Apparently the only study to attempt this used a sample of 140 Spanish children (mean age of 11 y) to predict the presence or absence of the metabolic syndrome, defined as having at least four cardiovascular disease risk factors (Moreno et al, 2002) . The optimal threshold corresponded to a waist circumference at about the 70th percentile of the Spanish reference data (Moreno et al, 1999) ; however, the actual age-specific waist circumference values at the 70th percentile were not presented.
There is currently no single standardized technique for the measurement of waist circumference in children. In the present study, waist circumference was measured at the point of noticeable waist narrowing, the same way that waist circumference was measured for the development of the UK reference data for children and youth (McCarthy et al, 2001) . On the other hand, waist circumference was measured midway between the lowest rib margin and the iliac crest in the Spanish children (Moreno et al, 1999) . Although there are apparently no data available for children or youth specifically, differences in waist circumference across measurement sites have been documented in a sample of 7-83 y olds (Wang et al, 2003) . Thus, care must be taken when comparing waist circumference reference data between studies that used different measurement techniques.
The present study used data from the 1981 Canada Fitness Survey. Although temporal analyses of waist circumference are not available for Canadian children, it has been reported that the prevalence of obesity based on BMI has increased substantially between 1981 and 1996 (Tremblay et al, 2002) . Further, a recent study has documented increases in waist circumference in British children over the past 10-20 y that exceeded the increases in BMI over the same time period (McCarthy et al, 2003) . Thus, it is likely that there have been significant increases in the waist circumference of Canadian children over the last 20 y in Canada; however, future surveys should include measurements of waist circumference in order to document any increases in abdominal obesity that have occurred.
Several priorities for future research can be recommended. First, future studies should address the feasibility of combining data from several countries to establish a common set of international reference data for waist circumference, similar to the effort to create international BMI criteria for obesity (Cole et al, 2000) . This would aid in international comparisons of prevalences of abdominal obesity. Second, given that the waist circumference cutoffs for children and youth presented to date have been based on distributions of data rather than relationships with health outcomes, more research is required to develop optimal waist circumference thresholds that are related to elevated risk factor levels in children. Third, more research is required to develop reference data using longitudinal data, as the currently available reference data have all been developed using crosssectional surveys. Finally, given the recent increases observed in the prevalence of obesity among Canadian children (Tremblay & Willms, 2000) , future national surveys should include the measurement of waist circumference which will allow an examination of temporal trends in abdominal obesity.
